by T. Levi-Civita in 1917, and the young Enrico Fermi had in 1922 fused this idea with the standard Frenet frame in the geometry of curves in Euclidean three-space to give a very useful method for transporting vectors normal to the curve along it (Fermi 1922 ). Fermi applied the method to worldlines in spacetime at the end of the paper (see Bini & Jantzen 2002) , but most calculations were performed in an arbitrary Riemannian manifold. Eisenhart in fact picked up on this and dealt with related issues in his book, not fully attributing them to Fermi. Walker of course used Eisenhart as a source, bypassing Fermi, but he in fact extended Fermi's work to transport any tensor. In relativity the notion is used frequently: it determines the orientation of an arbitrarily moving 'inertial compass' (such as a gyroscope I am no expert on differential geometry but I saw your thesis and admired it. I have been developing special relativity lately from the use of clocks only, without rigid scales. I wonder if you could do the same in a Riemann space.
Milne is here referring to his theory of 'kinematical relativity', which was to generate considerable controversy. His high reputation until then was based on his Cambridge and Manchester work on atmospheric problems in astrophysics, but the move to Oxford coincided with a switch in emphasis to a more philosophical development of cosmology, partly based on what he saw as flaws in Eddington's arguments. At this stage (McCrea 1951) He greatly preferred the sort [of investigation] where a few general physical conditions could be prescribed at the outset and where all the rest of the work consisted of mathematical deduction.
This of course was where Walker, with his mathematical background, came into his own, and the two exchanged hundreds of letters until the end of Milne's life. They met frequently at Milne's house, or on bicycle rides, discussing the cosmological implications of their mathematical assumptions, and Milne worked tirelessly, writing private letters and testimonials, to get Walker the positions he thought were his due.
This was not unqualified mutual admiration though-on occasions Milne would not communicate Walker's papers to the Royal Society because he disagreed fundamentally with some of their hypotheses, for example as he wrote to Walker on 9 April 1945:
Unlike you, I am not constructing different logical possibilities and then trying to select one. This quest is hopeless. I go on making ideal experiments in an arbitrarily chosen flat space, and build upwards from them.... I can't communicate your paper to the Royal Society-it's on your own responsibility.
Equally, Walker could be critical of Milne when reviewing his book, but he would write privately explaining his points carefully, and their personal relationship was never affected.
Walker won a Senior Mathematical Scholarship at Oxford in 1934, and was elected a Fellow of the Royal Astronomical Society. In the same year, he published a paper (2) that in some sense vindicated Milne's approach. By this time, the cosmological arguments were raging, with H. Dingle, Sir Arthur Eddington FRS, G. C. McVittie and the American A. P. Robertson firmly opposed to Milne's view, which was based on the sole reality of what could be reported among observers by using light signals and clocks, and not supposing a priori the Einstein line element. What was assumed, however, was the 'cosmological principle' that the universe should look the same to all observers, which implies some sort of homogeneity. Walker incorporated Milne's principles into the use of a least action principle based on a weighting factor. He shows that this depends on two arbitrary functions of one variable and only a particular choice gives general relativity, because only then is the line element represented by a quadratic form. For Milne's purposes this showed that in principle his methods could lead to different geometries, and countered the assertions of some of his critics that he was always going to end up with General Relativity. In fact, as discussed in Roxburgh & Tavakol (1975) , this geometry is closely related to the so-called Finsler geometry, which was introduced by Riemann in his famous 1854 lecture 'On the hypotheses that lie at the foundations of geometry'. He discarded it for what is now called Riemannian geometry because the case of the quadratic form was easier to deal with: it is ironic that Einstein took this theory off the shelf, too, to formulate General Relativity for simplicity. Walker's paper for the most part works in n dimensions with a Riemannian signature and only discusses the four-dimensional case relevant to cosmology at the end.
LONDON, 1935-36
Walker was still in Oxford in 1935, paying his way by freelance tutorial work and looking for further employment (at one point Milne wrote for him to King's College, Cambridge, but was not sure whether a non-Cambridge man would be acceptable). A small opportunity came his way when J. H. C. Thompson was appointed as tutor at Wadham College, Oxford, and Walker took over his one-day-a-week lectures on applied mathematics in London at Westfield College. This was his first lecturing experience and he was faced, somewhat unnervingly, with a lecture room of 30 women, who stood up when he entered and remained so until he mumbled 'Good morning!' (as he described in a letter to E. H. Sondheimer on 14 April 1981). Almost immediately, however, he was appointed as a Demonstrator, or temporary lecturer, at Imperial College for one year, and he gave up his duties at Westfield. Undoubtedly Milne's friendship with S. Chapman FRS helped here.
On 28 December 1935 Milne wrote to Walker:
Robertson's paper (Robertson 1935) , together with Walker's (3), gave rise to what is now known as the Friedmann-Robertson-Walker spacetime metric:
A. Friedmann in 1922 and G. Lemaître in 1927 had derived evolving homogeneous, isotropic cosmological models that were of this form. What Robertson and Walker did was to show that this was the most general model consistent with homogeneity and isotropy. Because it satisfied the cosmological principle, it was also of course consistent with Milne's viewpoint.
Einstein did not like the free function R(t), but different cases give rise to different cosmologies and it is now a standard model in General Relativity. Walker still maintained a close contact with Milne and did some tutoring in Oxford on Saturday mornings, but he needed a permanent job and finally in March 1936 he was offered an assistant lectureship at the University of Liverpool.
LIVERPOOL AND SHEFFIELD, 1936-52
In Liverpool, Walker continued his axiomatic approaches to relativity, but also collaborated with J. R. Daymond of the Department of Civil Engineering on a problem in tidal flow (4, 5) . Another engineering collaboration was Phyllis Freeman, secretary at the Department of Mechanical Engineering, to whom he became engaged in January 1939 and whom he married in December of that year. Walker claimed that, with his wife, he had won more prizes for ballroom dancing than for mathematics, although few members of the department had witnessed this. During the war she acted as secretary in the Pure Mathematics Department, but also had to look after her husband, who contracted tuberculosis and lost a lung; however, a year in hospital did offer the opportunity to learn new aspects of mathematics, in particular topology. This period was a difficult one, with a handful of staff teaching a full range of courses, sometimes 20 hours of lectures each per week.
During the war years Walker gained promotion, but by 1946 he was looking for a senior position. He had by this time been awarded a DSc from Edinburgh University, had been elected to the Fellowship of the Royal Society of Edinburgh and was a Council Member of the London Mathematical Society, also winning its Junior Berwick Prize in 1947. Milne tried to get him back to Oxford to fill the tutorial fellowship at Balliol when J. H. C. Whitehead FRS took the Waynflete Chair, but in April 1947 he went to Sheffield as Professor and Head of the Department of Pure Mathematics, receiving also an offer from Leicester soon after the telegram from Sheffield.
In Sheffield, Walker renewed contact with H. S. Ruse at Leeds, whom he had known in Edinburgh, and they collaborated on problems in differential geometry, as well as organizing the joint Leeds-Sheffield Colloquium and the first British Mathematical Colloquium in Manchester in 1949. In 1949, too, Milne forwarded to the Royal Society Walker's certificate of candidacy, seconded by Whittaker. Sheffield was still a quiet place; when Milne was invited to give a talk there he was warned he might only have an audience of two or three. Arguments about cosmological orthodoxy were also still rumbling in the background and Walker wrote a letter to The Listener after a broadcast by Fred (later Sir Fred) Hoyle (FRS 1957). Milne, in a letter to Walker on 17 April 1949, considered it unethical for the press to encourage such a 'half-baked theory' as what became known as the steady-state theory.
HARMONIC SPACES
One of the topics in differential geometry that is most closely attached to Walker's name is the theory of harmonic spaces. He wrote several papers (6-9) on the subject and a book with Ruse and T. J. Willmore (12) . A harmonic space is a Riemannian manifold that admits a local solution near each point to the Laplace-Beltrami equation that is a function of geodesic distance alone, like fǃ1/r in Euclidean three-space. Following Whittaker, Ruse (1930) had found a formula on the assumption that such a solution existed, but later with E. T. Copson (Copson & Ruse 1940 ) he realized that existence imposed conditions on the curvature, one of which was Einstein's equation R ij ǃǼg ij . Walker followed this up by showing that there were many more constraints involving the successive covariant derivatives of the curvature tensor. There followed a series of conjectures culminating in that of A. Lichnerowicz in 1944: 'A harmonic space is a symmetric space'; that is, a Riemannian manifold where the covariant derivative of the curvature is zero (these spaces had been classified by E. Cartan). This is one of those simply stated questions in mathematics that, when not solved quickly, attains a status somewhat beyond the potential applications. In fact the role of the Laplacian is not so crucial here; there are other ways of formulating the problem: roughly said, a harmonic space has radial symmetry about each point-random walks, heat kernels, fundamental solutions to the Laplacian, and volume forms should all be functions of the radius. The problem resonates with the isotropic cosmologies that Walker had studied earlier in his career.
The conjecture can be modified according to global properties but its current status is based on two results. In 1990 Z. Szabó proved the Lichnerowicz conjecture in the case where the universal cover is compact (Szabó 1990 ), but then E. Damek and F. Ricci found a large class of harmonic spaces (Damek & Ricci 1992) , in dimensions greater than 6, the majority of which are not symmetric. They are solvmanifolds: solvable Lie groups endowed with leftinvariant metrics. The most reasonable revision to the Lichnerowicz conjecture is to guess that every noncompact harmonic space is a Damek-Ricci space. In the indefinite signature case (not the Riemannian case that Lichnerowicz had originally proposed), Walker had already given counterexamples to the conjecture.
The book (12) was based on lectures that Walker had delivered in Rome in May 1957. Ruse became a coauthor but pulled out soon because of illness, and Willmore took over in his place.
BACK TO LIVERPOOL
In 1952, Walker returned to Liverpool as Professor of Pure Mathematics and Head of Department. He and his wife bought a large Tudor-style house, Thorncroft, in Thornton Hough on the Wirral.
Throughout his term of office, he ran the department in the manner of what his contemporaries call a 'benevolent despot'. It was made clear in departmental meetings that the most the staff could do as a group was to express views, which Walker took away, weighed, consulted about, and then decided what was to be done. He was very good at quickly extracting the essence from committee papers and then communicating decisions to members of staff by cryptic messages. Everyone had a letter: he himself was W, and his derivatives W፱, W፳ were Willmore or C. T. C. Wall (FRS 1969), depending on their status at the time.
Not having children of their own, he and his wife took an interest in the problems of the families of departmental members and were only too willing to help out, although entertaining at their house was often quite formal. Walker considered there was a right way and a wrong way of doing things; one could be on first-name terms (he was always called 'Geoffrey') in the home but definitely not in the department. New appointees were encouraged to live in the Wirral like himself; they would be shown after tea at his house the pollution across the Mersey, but never shown what Birkenhead looked like from the other side. He dressed every day in the department in a suit and waistcoat, until a year in America allowed him to relax and replace the waistcoat by a cardigan.
While he presided over Liverpool, there were enormous changes taking place: socially in the postwar years, but also in the manner in which universities were run. The department he inherited in 1952 had five staff, including secretaries, but Walker over the years oversaw a huge expansion and successfully attracted excellent mathematicians, protected their research from too much administration, and sent them on to Chairs in many other universities, including G. Brown (to Sydney), R. Brown (to Bangor), T. M. Flett (to Sheffield), G. Horrocks (to Newcastle), W. Moran (to Adelaide), S. A. Robertson (to Southampton), R. L. E. Schwarzenberger (to Warwick) and T. J. Willmore (to Durham).
More than anything, perhaps, his subject too had changed, with a vast new input from algebraic topology, algebraic geometry and the analysis of partial differential equations. Attracting the topologist Wall from Cambridge in 1965 was something of a coup and ensured that Liverpool would become an international centre in the area.
After 1950, his own research acknowledged these developments, but he was still happiest in performing local tensorial calculations to achieve his results, even if he chose to express them in an up-to-date invariant manner. He recruited Willmore from Durham in 1954, and together they began writing a textbook on differential geometry, more in the modern style than his beloved Eisenhart, but in the end Walker had too much on his plate and the result was the very successful book attached solely to Willmore's name. The topics Walker studied at this time included almost complex structures and almost product structures: these are the purely topological reductions of the structure group of the tangent bundle to U(n) or a product of general linear groups. The integrable version of each was either a complex structure or a family of transverse foliations. Global obstructions and classification of such structures was an important subject in topology at the time, but Walker addressed the issue of existence of torsion-free connections for which the foliation is parallel (10) and the torsion-type invariants that obstruct this in the non-integrable case (11, 13). The latter paper sits oddly at ease with papers on K-theory and vector bundles in the Proceedings publication (13) , and again demonstrates how far the subject had moved on since he started his research.
In 1955, Walker was elected to the Fellowship of the Royal Society and served on its Council from 1961 to 1962. His expertise and administrative abilities were put to further use as President of the London Mathematical Society from 1963 to 1965, and he was called on to advise on the structure of departments of mathematics at the Chinese University of Hong Kong and in Kuwait. He retired from Liverpool in 1974, handing over the department to Wall, but in that year he did participate in the very first of the successful series of London Mathematical Society Research Symposiums in Durham; its topic was differential geometry.
In due course, the Walkers retired to West Chiltington in Sussex, and Geoffrey Walker died there on 31 March 2001.
